Abstract
Introduction
The internet has opened up new possibilities for publication that were only dreamed of 20 years ago. The traditional academic journal with its title in bound volumes on a library shelf is already redundant.
However, the concept of the journal will survive, maintaining the elements of a recognised editorial board, and peer-reviewed articles.
What form these future 'journals' will take will depend largely on technological developments over the next few years, but already we are seeing aspects of the traditional journal being undertaken in unconventional ways.
This article focuses on scientific communication, which primarily uses journal articles or conference proceedings as its official output. This is in contrast to some social sciences and humanities disciplines, with an output that also includes monographs, performances or exhibitions. A journal is defined here as a periodical publication, either in print or (increasingly) electronic format. Articles are submitted for peer review, reviewed and edited before being formatted and published. Journals are usually published by either a commercial publisher (such as the one in which this paper appears) or by a learned society (scholarly association).
Historical perspective
This paper is not the first to suggest changes to the scholarly communication system, it builds on a rich history. There has been dissatisfaction with the journal system for decades. In 1960, delays in publication, restrictions on article length with the necessary omission of relevant supporting data, high costs preventing full coverage of any field and the time 'wasted' on editing and reviewing were all perceived to be problems with the system. (Phelps and Herlin, 1960) The suggestion that the journal be substituted with individual papers as the primary unit of distribution was first made in 1926. A 1933 proposal suggested replacing journals with an international publishing house, a 'Scientific Information Institute', to take over all existing scientific publishing and bibliography, where authors would submit to the centre. A variation on this theme was the idea of a central editorial bureau of scientific experts to review, correct, edit and verify papers. (Phelps and Herlin, 1960) This followed in turn the concept for central depositories of background material (what we call grey literature today), which could be "mimeographed or otherwise duplicated and placed in certain repositories". (Allen, 1922) However, an UNESCO review of 1960 concluded that "the case for replacement of the scientific periodical by a system of separates distributed either from a central depository or by individual societies has not been proved." (Phelps and Herlin, 1960) Harnad was an early, and continues to be a tireless, campaigner for change to scholarly communication. He first came to prominence in this field with his 'subversive proposal', suggesting a radically decentralised scholarly publishing model, in which scholars selfpublish their works, which then may or may not be peer reviewed. (Brent, 1995) Odlyzko proposed in 1996 that electronic journals could exist as collections of unpackaged, but potentially refereed documents in a central server. The inspiration for this was Paul Ginsparg's working article server i at Los Alamos, begun in 1991. (Odlyzko, 1996) This was followed by the prediction of an "universal, Internet-based, bibliographic and citation database". (Cameron, 1997) The concept of an 'electronic aggregator' was put forward in 1999, consisting of a collection of self-published papers. (Kling and McKim, 1999) Current complaints about journals do not differ significantly from those raised in 1960. And while the roles of certification and peer review have not changed much since the 1960's, the journal system has in other ways undergone a massive upheaval. Science and therefore scientific publishing boomed after the 1950's, when commercial publishers became an ever-increasing presence in the market. What has changed in this time is the publisher's role, and the subsequent escalating subscription costs and the manipulation of the system. (Bergstrom, 2001) The functions of the journal
The formal scientific communication process has been described in terms of four functions: registration, awareness, certification and archive. (Roosendaal and Geurts, 1997) Journal publication currently fulfils these functions, but this paper argues they can be met by other means.
Over the past 400 years, the publishing function of journals has changed from a method of communication to a career tool. Early journals were publications of works-in-progress, and subsequent monographs were considered the final stage of the published work.
Over time, the journal has become for many disciplines the ultimate version of a scholar's work, "thus the fundamental purpose of the journal has changed. In no small measure, scholarly communication has changed to become publishing." (Peek, 1996) Whatever the economics journals are doing, 'publishing' is hardly an accurate description." (Deaton, 2006) [p6] It is reasonable to ask, given the myriad of possibilities technology offers, why we persist with a journal system at all. In order to answer this we need to understand the dual roles of a researcher. The researcher wears two hats, that of author and that of reader, and the scholarly communication system of journal publication means different things depending on the hat in question. (Guedon, 2001 If we are to move to a new system of scholarly communication, it is important to incorporate those necessary elements of the old. Authors have specific requirements of the journal system: "they want the ability to target a very specific group of key readers…and they want the imprimatur of quality and integrity that a good peer-reviewed, high-impact title can offer, together with reasonable levels of publisher service". (Rowlands et al., 2004) [p273] In other words, authors need the communication system to take care of awareness and certification. To a reader of a paper, however, the only factor is the quality of the content, which is verified by peer review, and the journal name (or brand, to use a marketing term). In this instance, certification is the primary function played by the journal.
Alternative ways to perform journal functions
This section will examine each of the four functions, registration, certification, awareness and archiving in turn, discussing the journal's role in each and describing alternative ways these functions can be addressed. over 80% of the separate copies read came from either a preprint or an archive, where previously these had been obtained from colleagues. (Tenopir et al., 2003) An early argument against a separates system was the subsequent loss of casual reading or browsing, as, "it is possible that the haphazard reading of scientists is a significant factor in scientific progress." (Phelps and Herlin, 1960) to his book The Access Principle, (Willinksy, 2006) and he describes the 'One Great Scholarly Search Engine' as a golden chalice for researchers and librarians worldwide.
Registration

Certification
Certification is the only role journals play for both readers and authors, and the majority of this work such as peer review, editing, and paper selection is undertaken by the academy for the publishers, usually for little or no compensation. There are advantages to those doing the work, not least potentially favourable consideration when submitting their own paper to the journal at a later date, but there is no compelling reason for academics to continue supporting this status quo. "The weakness in the publishers' position is that all they own is the journal name. Editors and editorial boards are not indentured servants." (Bergstrom, 2001) Peer review must remain in any new model. In the era of ever increasing material, a certification system is required more urgently than ever. There is argument that peer review has two distinct functions; to provide feedback to the author of a paper in order to improve the paper, and to determine the quality of a paper (and its appropriateness for a particular journal). (Sandewall, 2006) The feedback function can be addressed in an open forum as discussed in the Registration section, above. The quality functions allows readers to make predetermined judgements about a paper prior to reading it, so the journal, if nothing else, gives an effective ranking to a paper. This role, that of defining the quality threshold, should continue under the new system, but with different methodology -for example a star rating, instead of a branded journal.
There are several examples of alternative certification in new publishing systems. The Berkeley Electronic Press, or bepress iv , allows authors to submit to a central point for assessment so the refereeing only occurs once. "A pre-print does not need to be resubmitted to multiple rejecting journals of decreasing quality to find its appropriate public venue" (Rodriguez et al., 2006) [p151] This is more efficient because it uses only one set of referees to publish a paper.
There have been calls for a collective publishing system, where academics must be members of the collective in order to publish through it and a requirement of this membership is a contribution to the publishing process. This contribution could be in various formssuch as refereeing, editing, or typesetting. (Fitzpatrick, 2006) . This idea has merit, however while academics are certainly the best people to undertake refereeing, in relation to copyediting and typesetting, why not leave it to those that are the expertspublishers?
Archiving
It is the function of archiving that will, perhaps counter-intuitively, be best served by a move away from the journal system. Ongoing archiving is a real problem that needs to be addressed, and not by publishers. Governments worldwide are beginning to look at digital sustainability as more digital repositories are established. The future of archiving is safer in the hands of institutions or governments, than at the mercy of commercial imperatives.
Advantages of changing the system
Some would argue that the system 'works' so why consider changing it? The answer is another question: works for whom? By writing, refereeing and editing articles, academics receive professional recognition of their research. But the real beneficiaries of the current system are commercial publishers who have massive profits (Bergstrom, 2001) , and institutions, which are increasingly using metric counts to make tenure and grant decisions.
Research is a public activity, with 'communism', an extended sense of common ownership of goods, an integral element of the scientific ethos. "The institutional conception of science as part of the public domain is linked with the imperative for communication of findings." (Merton, 1973) [p274] This communication has traditionally been by writing and publishing academic articles. However, by restricting people's access to that knowledge, the fundamental basis of the activity of science is being stemmed for commercial gain.
When we look at the total life cycle of the journal, most of the cost is incurred in the undertaking of the actual research. A large portion of the cost of publishing (such as peer review) is also borne by universities and libraries. (Houghton et al., 2006) But, "because of the commercial interests of one group of stakeholders, the journal publishers, which incur a very small fraction of the total life-cycle cost, the access to scientific publications is highly restricted and expensive and the process as a whole is highly inefficient". (Tenopir and King, 2001) [p8]
The problem with maintaining the journal structure, even in an open access 'author-pays' system is principally one of cost. Even with an open access journal structure the costs will keep rising because the author has a vested interest in being published, and therefore will be prepared to invest in more and more 'value adds' that open access publishers could provide. These include domain names, blogging software, metatagging tools and network links. "OA, through the range of new services it will provide, will increase the overall cost of scholarly communication". (Esposito, 2004) Another important argument for a move away from a traditional journal system towards one of electronically available separates is the increase in use of the articles. There is now substantial evidence to show that articles that are made freely available online have a far greater impact than those languishing behind toll barriers. (Hitchcock, 2006) While there is some argument over the most beneficial route to open access -publication in an open access or hybrid journal, or depositing an article in a repository (Eysenbach, 2006) , the relevant point is that scholars are 'voting with their feet'. If it is freely available they will use it. The intriguing possibility is that by placing material online in this way, articles may once again actually be used as a communication tool rather than simply a check box for the author's next grant application.
Barriers to change
The journal has changed its role since inception, from a Perhaps surprisingly to some, I see that a separates system would not eliminate the need for publishers. Some roles, such as professional copy editing, layout and design, technical support and so on will need to be undertaken, and there is no reason these services cannot attract a fee. The publisher's role would thus require a substantial change of focus, and a loosening of the control they currently have. More enlightened publishing professionals may be able to see that the future requires experiment and change, and will possibly embrace this option, others will go down with the ship.
There are some recent developments that indicate publishers already recognise the need for change. Over 90% of publishers allow pre- In most hybrid option cases the intention is that subscription rates will drop in proportion to the number of articles in a given issue that are freely available. There is little evidence that this is actually occurring, but it may not be published information yet.
Authors too recognise that change is inevitable. A recent study of over 1200 authors showed almost exactly half ranked 'New forms of electronic-only journals (virtual journals with articles drawn from various sources)' as very important or important in the period to 2008.
Putting this finding in context, this ranked only fifth in a list of eight options. Predictably, the most popular future publishing option was the 'Traditional print + electronic journal'. (Swan and Brown, 2003) However, for any major change to occur in the scholarly communication system, there must be widespread support from those for whom publication is fundamental, the researchers.
The most resistance to change in the scientific publication system is likely to occur in institutional administrations. When Roosendaal and This situation is becoming problematic for many academics. "We can all start to improve things by toning down our obsession with the journal. The most effective change by far would be if the organisations that award grants and manage research programmes were to place much less trust in a quantitative audit that reeks of false precision." (Lawrence, 2003) [p261]
The current reward systems in science (and other areas of academia)
are relying more and more heavily on bibliometrics. In the UK, the Academics have embraced new publishing options, particularly in their role as readers, and as authors they are using the facilities technology provides to increase and improve their communication.
The reward system would be better served by more accurate information from deep log analysis of separate refereed articles than by its current reliance on bibliometrics based on citation counts and journal impact factors, and it is up to administrators in large institutions and government departments to recognise this.
The fundamental tenet of research being part of the public domain is being eroded for commercial gain as people's access to the knowledge is increasingly limited by the high subscription costs of commercial publishers. The traditional scholarly communication system no longer supports the communication of findings and only a move towards an adapted journal system can reverse this trend.
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